Recently, the demand on electrical energy is growing day by day as a result of rapid industrial development so that it is making the transmission lines more exhausted and affected especially the voltage stability. In order to overcome these problems, a FACTs device STATCOM of 12 pulse two levels is used to increase the capability of transmission lines and improving the voltage profile of the system. In this work, a new technique of fuzzy self-tuning is used in STATCOM's controller where the parameters of PI controller tuned online that is lead to improve the voltage profile when the power system exposed to the abnormal condition. 
Introduction
The Flexible AC Transmission Systems (FACTS) is static equipment used in ac transmission and distribution systems. It introduces a new power electronic technology into conventional AC power systems and improves the power system stability [1] . Power system stability is a significant remarkable aspect, it is substantial to reduce the load losses and to acquire a remarkable output from power system. As demand increased, the new power stations are increased and that rapid of transient and steady-state stability problems in power system [2] . The one favorable FACTS device for voltage profile enhancement is STATCOM. The most benefit of a STATCOM is to control and regulate the voltages at any busbar used to connect of it in power system as shown in figure(1).
Fig(1): STATCOM equipped into single line diagram
The PI controller is used in many industrial processes for control issue also featured by robustness and simplicity so that it is used in STATCOM construction. In previous research, numerous of them were dealt with STATCOM for voltage profile and control strategy. In [3] Dhiya. Al-Nimma and Majed. Al-Hafid presented a STATCOM for voltage profile improvements in Mosul ring. A conventional PI controller was used for voltage control so that under some small disturbances, the results showed a good improve in voltage profile at weak Bus. In [4] Tao Huang was used fuzzy logic control for multi objective to the STATCOM controller. The utilized adaptation of fuzzy control multi objective enhanced the dynamic condition much better than traditional PI control under small and large disturbances. In As used in this research, STATCOM is hold over of PI controller as well as an adaptation for locating the gains of Integral controller online through any disturbance take place by using fuzzy logic controller to enhance the process control and thereby the voltage stability.
2-Voltage Profile Improvements:
When reactive power support did not attain to the desired value the voltage goes towards collapse and causing an effect of cascading on the near region [7] . Figure ( 2) shows the single line diagram system with an inductive load at bus 2 (V2). In absence of any compensation device and from phasor diagram, the current (Ip) is concur with the vector of voltage (V2).
In compensation process, the reactive power is produced near to load by injecting/absorbing reactive current (IC), and that is reducing the currents flowing in the lines from main source so that lead to improve the voltage stability. The STATCOM also can provide the ultimate inductive and capacitive reactive power at minimum and maximum value of system voltage as far as lower system voltage as clarified in figure (3) 
3-Mathematical Model of STATCOM
Generally, STATCOM is a shunt connected device with the power system through a coupling transformer and interface reactor. STATCOM's equivalent circuit clarified in figure (4) The symbols of va, vb and vc indicate the 3-phase system voltages at the point of common coupling (PCC), ea, eb, and ec can be represented a 3-phase voltage at AC side of STATCOM's converter. The symbols ia, ib and ic represents the flowing currents between STATCOM and power system. The resistance (Rp) connected in parallel with (C) represents both the switching and capacitor losses. To connect the STATCOM into AC power system required a magnetic coupling that is represented by leakage inductance (Ls) and resistance (Rs) [9] .
Fig(4): Schematic for equivalent circuit of STATCOM
The First order differential equations of STATCOM in AC side as introduce in figure (4) can be formed below:
Va -ea=Rs* ia + Ls * diadt … (1) Vb -eb=Rs* ib + Ls * dibdt … (2) Vc -ec=Rs* ic + Ls * dicdt …
It can be transformed to the per-unit system and converted from ABC to dq rotation coordinate system as presented in equation (4) .
… (4) Also the DC-side can be analyzed mathematically as equation (5).
The final equation of STATCOM and after linearization, the decoupled term of iq' and id' can be written as:
…. (6) Where C1 and C2 are defined the PI controller used in current regulator as written below:
.… (7) Where id' * and iq' * are defined the reference value of dq currents drawn from power system.
The dq voltages are out from the controller and needed to introduce the parameters of modulation index (M) and angle (α). The symbol (M) means the modulation index that is related by a magnitude ratio between AC and DC side terminal voltage. The symbol (α) represents the angle of bus voltage lagging or leading of inverter voltage. These parameters are converted into control signal needed for PWM. The dq voltages can be introduced in the equations below.
The block diagram of single line diagram of power system with STATCOM has been introduced as shown in figure (5).
Fig (5): single line diagram with STATCOM's controller [10] 4-Power System and STATCOM Design A simple power system proposed consisted of one Thevenin equivalent three-phase voltage source with capacity about 100MVA and 132 KV nominal voltage. The transmission line of 21 km connects the generation area with load area. A linear and constant load of (15MW, 8MVAR) has been used as inductive load connected at the end of system. The voltage source converter (VSC) of STATCOM is formed using two three-phase bridges (IGBT). The two sets of the triggering pulses are used to achieve the 2-level converter with SPWM. All of these components with power system proposed are simulated using MATLAB/SIMULINK /PSB as shown in figure (6). [11] . In this work, SRF has been used widely and preferable using for carrier based PWM control. Fig.(7) shows the controller block that contains three important regulators needed for finding the reference signals. A phase locked loop used to synchronize on the positive sequence components of bus terminal voltage by extract a time varying angle (ωt).
Fig(7): STATCOM's controller design using MATLAB/SIMULINK/PSB

6-AC Voltage Regulator 6.1 -Conventional PI Controller Design
The voltage magnitude resulting from equation (10) is comparing with reference voltage that always being 1 pu then error signal has been proceeded by PI controller to get the reference signal of reactive current as shown in fig.(8) . │V│ = vd2+ vq2 … (10)
Fig(8): AC voltage regulator modeled by MATLAB/SIMULINK
-Self-tuned PI Controller Design
PI controllers with fixed parameters in the industrial working environments are robust but voluntary. Therefore, tuning of the PID-parameters has been performed. Fuzzy logic is a way for decision action utilized for expert systems and process control. In this work, fuzzy-PI technique has been used to achieve tuning parameters. The outputs of PI controller are actions of proportional and integral summed together. These actions are controlled by gains parameter for each one when taking into account that outputs of controller which are limited to the range set for control output. Two inputs are presented; the first is error resulting from comparison between magnitude of terminal voltage and its reference while the second is change of error. These values are mapping through a member ship function. The output is chosen to be a variation of integral gain (∆Ki) as shown in fig.(9) .
Fig (9): inputs and output formed by fuzzy logic [12] This output is based on two inputs; error (e) and change of error (∆e). The variation value of integral gain (∆Ki) can be summed to a reference value of integral gain (Ki * ) that came from conventional tuning like trial and error method as introduced in equation (11). Finally, the value of integral gain can be ready to use in the I-controller with fixed value of P-controller to form finally a PI controller as shown in fig(10) .
For more comprehension about the control process, two cases are introduced below to show the action of fuzzy during disturbances: a.When the error resulting from voltages comparison is out of range towards positive more than +0.024 and in negative less than -0.024, the output of fuzzy can be large value of "change of integral gain (∆Ki)" in order to make an enhancement in voltage profile under disturbances. b.When the error is located in the range of (+0.024 and -0.024), the action of fuzzy must zero and led to get zero value of "change of integral gain (∆Ki)" so that the value of Ki is equal to the reference value (Ki * ).
Fig(10): Model of Self-tuned PI Controller using Fuzzy Technique
Triangular membership function (Trimf) can be used for this process. Five sets of membership have been chosen for inputs categorized as error and change of error as shown in figure (11) and figure (12) and two sets of membership have been chosen for output. Every membership introduced must be named in the fuzzy logic toolbox and categorized by a Linguistic variable as presented in Table  (1) . Table ( The rule base using for tuning of the integral parameters are listed in the table (2) , and the surface viewer for these rules can be designed as shown in figure (13). Table ( 2): adjusting fuzzy rules of (∆Ki) ∆e 
Case1:
The inductive load of (9 MW, 4 MVAr) is entered at bus 2 to increase the loading and test the system with STATCOM for how to deal with this case. Figure (14) shows an enhancement in voltage profile with disturbance due to load entered at 0.4second and outage at 0.6 second.
The modulation index has been increased from 0.75 to 0.98 and that is required to increase voltage magnitude to the value in stable state.
The percentage of THD for phase voltage and current by using Fast Fourier Transform (FFT) at receiving end is presented as shown in figure (15) . The results where is 0.4% for voltage and 0.54% for current waveform while at sending end the results where is 0.45 for voltage and 0.34 for current waveform as shown in figure (16) .These values are acceptable in IEEE standards [13] . In any disturbance occur in this case, the value of ∆Ki has been changed frequently depending on the error value as shown in figure (21). 
Volume
Conclusion
FACTS device represented by STATCOM with self-tuned method is very important for improving of voltage profile. The contribution and conclusions can be summarized as follows:
1. The voltage level in the power system proposed at load busbar is improved and made it more stable when STATCOM with conventional PI equipped to the bus 2 under load and source disturbances.
2. The technique of sinusoidal pulse width modulation (SPWM) has been used to drive the STATCOM. The total harmonic distorsion percent (THD %) achevied at reciveing end for phase voltage and current are 0.4% and 0.54% respectively, while it can be achevied at sending end a values of 0.45% and 0.34% for voltage and current waveforms respectively. These values are within the acceptable IEEE standards. 3.The STATCOM used in this work can be modified and improved to enhance the compensation process. In AC voltage regulator, the conventional PI controller can locate its integral gain (Ki) by using self-tuned method that uses fuzzy logic controller to detect the appropriate gain of integral
